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Objectives . This study was designed to assess the success rate
and determinants of success or failure of balloon angioplasty for
postoperative pulmonary stenosis in patients with transposition of
the great arteries .
Background. Previous reports have suggested that pulmonary
stenosis that develops nt" er the arterial switch operation is not
likely to be dilated .
Methods . Twenty-eight patients with transposition of the great
arteries underwent 39 balloon angioplasty procedures after the
arterial switch operation . The mean age at dilation was 4 .5 ± 2.2
years (range 0 .7 to 9.8), and the interval between operation and
balloon dilation was 3.6 ± 1.8 years . The criterion of successful
dilation was a j50%® increase in predilation diameter or a ? 50%
decrease in predilation pressure gradient . If the right ventricular/
aortic pressure ratio decreased by ?0.2, so that the ratio became
<0.68, reoperation was thought to be not indLated.
Results. The success rate of balloon angioplasty for pulmonary
artery stenosis was 51% (20 of 39 dilations) . The mean age at
dilation in the group with successful dilation (3 .6 years) was
significantly younger than that in the group with unsuccessful
Pulmonary stenosis occurs in 7% to 28% of cases after the
arterial switch operation for transposition of the great arter-
ies (1-4) . Balloon angioplasty has been attempted to relieve
this lesion, but because balloon dilation is not usually
successful, surgical treatment has been employed in most
cases (1,2,4) . Saxena et al . (5),
who performed balloon
angioplasty in five patients with no successful dilation,
concluded that pulmonary artery stenosis after the arterial .
switch operation is not likely to be dilated by balloon
angioplasty . We reviewed our early results of 39 dilations in
28 patients and tried to delineate the determinants of sLccess
or failure of balloon angioplasty .
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dilation (5 .4 years) . The interval between operation and Math - r'_1
the successful dilation group (2 .4 years) was significantly s ,
that in the unsuccessful dilation group (4 .6 years) . In 13 pwele ._s
who underwent balloon angioplasty <3.5 years after operation,
balloon dilation was successful in 92% . The balloonlartery ratio
was significantly greater in the successful than in the unsuccessful
dilation group . A right
ventricular/aortic
pressure ratio X0 .68
was observed in 20 patients, and reoperation was not indicated in
10 patients (50%). There was no death, but one pulmonary artery
rupture that did not require surgical intervention occurred.
Aneurysmal dilation of the pulmonary artery was observed in
three patients .
Conclusions . These data indicate that although the success rate
of balloon angioplasty for pulmonary artery stenosis after the
arterial switch operation is low (=50%), balloon angioplasty can
be the first therapeutic choice owing to the low complication rate
and the potential benefit of the procedure . The success rate can be
high if angioplasty is performed <3 .5 yeas after operation and a
balloon of adequate size is used .
(J Am Coll Cardiol 1993,22 :859®66)
Methods
Study patients . Balloon dilation was performed to relieve
supravalvular pulmonary stenosis after the arterial switch
operation for transposition of the great arteries in 28 pa-
tients. A total of 39 stenotic lesions were dilated from
December 1988 to September 1992 (Table 1) . Fifteen patients
had an intact ventricular septum, and 13 had a significant
ventricular septal defect . Twenty-one patients underwent
primary arterial switch operation, and seven had undergone
Blalock-Taussig shunt or pulmonary artery handing, or both,
initially and then underwent an arterial switch operation
later. In our institute, most patients with transposition of the
great arteries with intact ventricular septum underwent the
two-stage arterial switch operation from 1982 to 1988
. We
performed follow-up catheterizations 5 to 6 years after the
operation in these patients . Since 1988 we have performed
the primary arterial switch operation in most patients during
the newborn period and follow-up catheterizations I to 3
years after the operation
. Throughout these periods, anterior
translocation of the main pulmonary artery (the Lecompte
maneuver [6])
was performed in all patients . A pantaloon-
0735-1097/9356M
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Table 1 . Clinical Summary and Hemodynamic Data
*Diameter of first balloon + Diameter of second balloon = Effective balloon diameter
. tAge at reoperation (reop) excluded
. tSignificantly different from the
value in the unsuccessful dilation group
. BT = Blalock-Taussig shunt
; LPA = left pulmonary artery ; MPA = main pulmonary artery
; PAB = pulmonary artery
banding
; Pt = patient ; RPA = right pulmonary artery
; VaIv = valvular .
shaped patch (7) (n = 8), two U-shaped patches (n = 10), two
round patches (n = 3), one round patch and one U-shaped
patch (8) (n ~ 5) or a triangular patch (Aubert technique (9])
(n = 2) of preserved bovine pericardium were used to close
both coronary artery sites and enlarge the neopulmonary
root. The mean age at dilation was 4 .5 ± 2.2 years (range 0."1
Group A : Balloon Dilation Unsuccessful
to 9.8), and the interval between operation and balloon
dilation was 3 .6 ± 1 .8 years (range 0 .7 to 8.2) . In three
patients, balloon angioplasty was performed for the pulmo-
nary artery stenosis developed after reoperation, which had
been performed to relieve right ventricular outflow obstruc-
tion using a patch of preserved bovine pericardium .
I
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Dilation technique . After standard premedication, vascu-
lar access was established percutancoosly, usually using
femoral vessels . In three patients who had bilateral ileofem-
oral vein thrombosis, venous access was established using
an internal jugular vein . A catheter was advanced to measure
right- and left-sided hemodynamic variables . Cardiac output
was measured using a thermodilution method A small
catheter was placed in the descending aorta to monitor blood
pressure. Angiograms were performed in the pulmonary
artery and the right ventricle . The decision to undertake
balloon angioplasty was made if angiography showed a
narrowed segment with a pressure gradient ?20 mm Hg .
This criterion was set tentatively, on the basis of our
experience in one patient with a pros urc gradient of
20 mm Hg who developed complete obstruction of the left
pulmonary artery without balloon angioplasty (see Fig . 5) .
Stenotic segments and the pulmonary annulus were mea-
sured using a I -cm grid . An end hole catheter was positioned
past thQ stenosis in the pulmonary artery, and an 0 .035-in .
(0.089 cm) or 0 .038-in . (0 .096 cm) exchange wire was passed
distally as far as possible into the lungs . After removal of the
catheter, the angioplasty catheter (Medi-tech or Mansfield)
was introduced through a sheath . The initial balloon size was
chosen to be two to four times the diameter of the stenosed
segment, not exceeding 1 .7 times the pulmonary annulus
diameter (10) . The balloon was inflated until the maximal
safe pressure recommended by the manufacturers was
reached . The full inflation ranged from 5 to 10 s, and three to
four dilations were usually performed for each stenosis . In
each patient was multiple stenosis, more than one vessel was
usually dilated ai the same catheterization . After dil",ations,
the right and left hemodynamic variables were measured
again, and angiograms were performed in the pulnonary
artery or the right ventricle, or both .
Successful angioplasty was defined arbitrarily as 1) a
2t50% increase in the predilation diameter of the narrowed
segment on angiography, or 2) a >50% decrease in the
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Figure 1, Anteroposterior pulmonary artencgq
-am i~4 a 1-year old
patient
(Patient 19) demonstrates right (block triangle), aeR (W,-?«:Ak
arrowhead) and main (open arrowhead) pulmonary artery stenosis
(A) and enlargement after balloon dilation (B) . An intimal or medial
tear was visible after balloon dilation .
pressure gradient across the narrowed segment, using the
criteria of Zeevi et al . (4) .
The clinical impact of balloon angioplasty was studied ;
postponement of reoperation was the only benefit for the
patients in the present study . If the systolic right ventricular/
aortic pressure ratio decreased by `=l) .2, so that the ratio
became <0.68, reoperation was thought to be not indicated .
Statistical analysis. Results were expressed as mean
value ± SD. Comparison of two group means were per-
formed using the Student i test or the Wilcoxon rank-
sum test . The balloon/artery ratios in the groups with
successful and unsuccessful dilation were compared using
the Wilcoxon rank-sum test . For analysis of group com-
parisons we used a chi-square contingency analysis for
categoric variables Significance was defined as a p value <
0.05 . For the success rates, the 95% confidence limits are
shown .
ASKS
Successful dilation . Thirty-nine stenotic segments were
dilated in 28 patients . The average increase in stenosis
diameter was 59 ± 63%, and the diameter increased X50 in
19 segments. On the basis of the criteria, 13 (46%) of 28
patients (confidence limits [CL] 27%, 66%) (20 [51%] of 39
segments [CL 35%, 67%]) had successful dilation (Table 1,
Fig. I to 3) .
A right ventricular/aortic pressure ratio X0 .68 was ob-
served in 20 patients . This ratio decreased >0
.2, so that it
became <0 .68 (clinical success) in 10 (50%) of these 20
patients (CL 27%, 73%) . In the group with unsuccessful
862
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Pore 2. Anteroposterior pulmonary artenogram in a 3-year old
child (Patient 27) . Although stenosis is not clearly visualized, the
cineangiogram showed stenosis at both sides of the bifurcation
( ai^rows) and at the main pulmonary artery (blot him*) (A)
and enlargement after balloon dilation (s) . Aneurysmal dilation of
the main pulmonary artery was observed,
dilation, the right ventricularlaortic pressure ratio before
dilation (0.86 ± 0.28, n - 16) did not change significantly
after dilation (0.71 ± 0 .26). In contrast, in the group with
successful dilation, the right ventricular/aortic pressure ratio
decreased from 0 .76 ± 0.17 before dilation (n = 13) to t.49 ±
0.10 after dilation .
Dele t of success. The age at
arterial
switch opera-
tion or reoperation in the successful dilation group (9.8
months) was not significantly different from that in the group
with unsuccessful dilation (12 months, Table 1) ; however,
balloon ioplasty was successful in all patients who had
under .one arterial switch operation in the newborn period .
The success rate (100%, CL 69%, 100%) was significantly
higher than that (16%, CL 3%, 40%) in patients who had
undergone the switch operation after the newborn period .
IACC Vol
. 22
. No
. 3
The age at balloon dilation in the group with successful
dilation (3 .6 years) was significantly younger than that in the
group with unsuccessful dilation (5 .4 years, Fig . 4). The
interval between arterial switch operation and balloon dila-
tion in the group with successful dilation (2 .4 years) was
significantly less than that in the group with unsuccessful
dilation (4 .6 years, Fig . 4) . In I1 patients aged <3.5 years at
the time of balloon dilation, balloon dilation was successful
in 91% (CL 64%, 100%). In 13 patients who underwent
balloon angioplasty <3 .5 years after the arterial switch
operation, balloon dilation was successful in 92% (CL 04%,
100%) .
The mean balloon/artery ratio was 333 ± 112% and was
significantly greater in the group with successful dilation
(381 ± 99%, n = 19) than in the group with unsuccessful
dilation (280 ± 106%, n = 17) . However, balloon size was
only a partial determinant of success or failure of balloon
angioplasty, Of 18 dilations perforated using a balloon size
x300%© of that of the stenotic artery, the balloon size in the
group with successful dilation (386 ± 61%, n = 14) was not
significantly different from that in the group with unsuccess-
ful dilation (364 ± 28%, n = 6) ; all 14 successful dilations
were performed >3 .5 years after operation and 6 unsuccess-
ful dilations were performed >3 .5 years after operation . This
observation suggests that when the balloon size is similar,
the success rate of balloon angioplasty performed relatively
early after operation is higher . The pressure gradient before
balloon angioplasty in the group with successful dilation was
not significantly different from that in the group with unsuc-
cessful dilation (Fig . 4), suggesting that the severity of the
stenosis was similar in the two groups .
There were 16 stenoses at the anastomotic segment in the
main pulmonary artery and 19 stenoses at the bifurcation .
There was no correlation between either the shape of the
patch used to reconstruct the neopulmonary artery and
the site of the stenosis or between the shape of the patch and
the success rate. The success rate of balloon angioplasty for
bifurcation stenosis (74%, CL 49%, 91%) was significantly
higher than that for main pulmonary artery stenosis (31%,
CI. 11%, 59%). The success rate for left pulmonary artery
stenosis (75%, CL 35%, 97%) was not significantly different
from that for right pulmonary stenosis (64%, CL 30%0, 89%) .
Left branch pulmonary artery stenosis due to compression
by a dilated aortic root, which was observed in one patient
(Patient 13), could not be dilated. Balloon valvuloptasty was
successful in one of three patients with valvular stenosis .
Unusaal approach . Of three patients who underwent bal-
loon angioplasty using an internal jugular vein, the balloon
catheter could be manipulated across the stenosis in all
three, and balloon dilations were successful in two . These
two patients iad an intramural left coronary artery arising
from the posterior sinus (type 5a of Shaher and Puddu's
classification [11]) and had undergone the arterial switch
operation and coronary artery rerouting using the tee .Inique
of Aubert et al. (9), creation of an aortopulmonary window
and an intrapulmonary tunnel to the coronary ostia . Balloon
JACC Vol . 22, No . 3
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Figure 3 (alcove). Anteroposterior pulmonary ii
.leriograin in an
8-inonth old patient (Patient 24) demonstrates stenosis at both sides
of the bifurcation before dilation (lyre) and enlargement after balloon
dilation (Post)
.
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Figure 4 (below)
. Age at balloon dilation, interval after operation,
balloon size and pressure gradient in the groups with successful
and unsuccessful dilation
. Bars are mean value ± SD. Age at
dilation and interval after operation in the group with successful
dilation were significantly less than in the group with unsuccessful
dilation
. Balloon size was significantly greater in patients with
successful than in those with unsuccessful dilation
. Pressure gradi-
ent before balloon dilation was similar in the two groups
.
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dilation could be performed without complication of coro-
nary artery compression in these patients .
Complications. There were no deaths . In one patient
(Patient 28), the pulmonary artery ruptured at the bifurca-
tion. Although the mediastinum widened immediately, nei-
ther hypotension c or a decrease in hematocrit was observed,
and the patient did not require surgical intervention . The
pulmonary artery was dilated aneurysmally in three patients
(Patients 19, 25 and 27), and an intimal tear was visible on a
cineangiogram in Patient 19 .
Discusslorn
Sucem rate . Pulmonary stenosis occurs in 7% to 28% of
patients after the arterial switch operation for transposition
of the great arteries (1-4) . Balloon angioplasty has been
attempted to relieve this lesion, but the success rates have
not been high . Zeevi et al. (4) reported that balloon angio-
plasty was successful in only one of five patients . Saxena et
al . (5) performed balloon angioplasty in five patients with no
success . They concluded that pulmonary artery stenosis that
developed after the arterial switch operation is not likely to
be dilated by balloon (5) . In the present study the pulmonary
artery stenosis after arterial switch operation could be di-
lated and the success rate was about 50%, which is similar to
the success rate for angioplasty for pulmonary stenosis of
other causes (12,13) .
Age. Ring et al . (14) suggested that the success rate for
balloon pulmonary artery angioplasty is higher in younger
than in older children . Similarly, the success rate in our
study was higher in patients aged <3 .5 years . Furthertnow,
the success rate was higher if angioplasty was performed
relatively early (<3 .5 years) after operation (Fig. 4) . Saxena
et al. (5) performed balloon angioplasty in patients <3 .5 years
old and <3 .5 years after operation in four of five patients . The
reason for the low success rate in the report of Saxtna et al . (5)
is not clear, but they used a relatively small balloon size (<3
times the stenosis diameter) in these patients .
Ten of 13 patients in the group with successful dilation
had undergone an arterial switch operation in the newborn
period. How the age at the arterial switch operation influ-
ences the success rate of balloon angioplasty is not clear. In
our institute, the patients who had undergone arterial switch
operation in the newborn period underwent follow-up cath-
eterization relatively early after the operation
. Because of
this institutional bias, it was not possible to separate the age
at the switch operation from other variables, such as age at
balloon dilation and the interval between operation and
balloon dilation, as a determinant of the success rate
;
however, in one patient (Patient 14), balloon angioplasty
Performed at 6.1 years of age (5 .6 years after the operation)
was not successful, but the stenosis at the same site that
developed after a reoperation was dilated successfully 5
months after the reoperation
. From this experience, we
think that the interval between or-.ration and balloon dila-
tion, rather than age at operation, is important as a determi-
nant of the success or failure of the procedure .
Balloon size. In agreement with previous reports (12,13),
a greater balloon size/stenosis ratio was associated with a
higher success rat . In the present study, no balloon angio-
plasty using a balloon/stenosis ratio <230% was successful
(Fig . 4). We currently choose a balloon size at least three
times larger than the stenotic segment. Of 20 dilations
performed using a balloon a300% of the stenotic artery,
balloon size did not differ significantly between the groups
with successful and unsuccessful dilation, suggesting that
balloon size is not a single determinant of success or failure
of balloon angioplasty .
Operation method . In patients reported by Saxena et al .
(5), autologous pericardium or preserved bovine pericardium
Was used to reconstruct a neopulmonary artery during the
arterial switch operation . We also used the preserved bovine
pericardium in the present series . The operative technique
(Lecompte maneuver [6D was similar throughout the study
period, except that the shape of the patch used to recon-
struct the neopulmonary artery was different in each patient
(a pantaloon-shaped patch, U-shaped patches or round
patches). However, there was no correlation between the
shape of the patch and the site of the stenosis or between the
shape of the patch and the success rate . Whatever the shape
of the patch, the main pulmonary artery stenosis was ob-
served at the anastomosis site and the bifurcation stenosis at
the site of left or right pulmonary angioplasty, or both .
Therefore, it is unlikely that the success or failure of balloon
angioplasty in the present study is dependent on the opei'a-
live method . However, we did not perform balloon angio-
plasty for the pulmonary stenoses that developed after
pulmonary artery reconstruction without using prosthetic
materials (15) . If the pulmonary stenosis is due to hypoplasia
resulting from "tension" on the anastomosis, balloon angio-
plasty may be less effective, as suggested by Zeevi et al . (4) .
Of 16 patients with unsuccessful dilation,
7
had under-
gone pulmonary artery banding (Table 1) . Because these
patients also underwent balloon angioplasty S to 6 years after
the arterial switch operation, it is difficult to determine
whether the previous pulmonary artery banding resulted in
the angioplasty failure . However, this possibility is unlikely
because a neopulmonary artery was reconstructed after
pulmonary artery debanding in a similar fashion to that in the
patients without pulmonary artery banding .
Site of stenosis . In the present report, the success rate of
balloon dilation for bifurcation stenosis was higher than that
for main pulmonary artery stenosis . However, this differ-
ence in success rate is probably due to the fact that many of
our patients with main pulmonary artery stenosis underwent
balloon angioplasty >3 .5 years after the operation . Because
the stenotic segm°nt in the main pulmonary artery lies close
to the pulmonary valve, a balloon diameter >1 .7 times the
diameter of the pulmonary annulus was not used in the
present study (10)
. Despite these technical limitations, the
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Figure 5
. Unsuccessful balloon dilation in a 5-year old patient (Patient
14)
. A, Anteroposterior pulmonary arteriogram showing left pulmo-
nary artery branch stenosis (open arrowhead), which was due to the
dilated aorta, and mild right pulmonary artery stenosis (black triangle)
at its bifurcation at age 5 months, immediately after arterial switch
operation. Pressure gradients of 20 and 10 mm Hg were noted aL the
left and right pulmonary arteries, respectively
. B, Anteroposterior
aortogram showing the dilated aorta . C, Anteroposterior right ven-
triculogram showing obstruction of the left pulmonary artery and
severe stenosis of the right pulmonary artery (black arrow) at age 5
years . Balloon angioplasty for right pulmonary artery stenosis was not
effective .
main pulmonary artery stenosis could be dilated if balloon
angioplasty was performed <3 .5 years after operation .
Left pulmonary stenosis associated with dilated aortic
root could not be dilated . Although there are few patients
with this condition, it is unlikely that this type of stenosis can
be dilated by balloon . The result of balloon angioplasty for
valvular stenosis was also poor, mainly because of small
annular size and thick valvular tissue . Zeevi et al. (4) also
reported the difficulty in dilating this type of stenosis .
Unusual approach . From our experience in three pa-
tients, balloon angioplasty can be performed through an
internal jugular vein . In addition, we performed balloon
angioplasty in two patients who underwent the arterial
switch operation using the method of Aubert et al . (9) .
Initially we were concerned about compression of the in-
NAKANISHE ET AL,
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trapulmonary tunnel in the coronary route during inflation of
the balloon ; however, we encountered, no complications
resulting from coronary compression . It seems , that pulmo-
nary artery stenosis that develops after operation using the
Aubert technique (9) can be dilated safely .
Clinical impact . In previous studies, balloon angioplasty
was reported to have no influence on the clinical care of
patients with pulmonary stenosis after the arterial switch
operation (5,16) . In the present study, the right ventricular
pressure decreased significantly, so that reoperation could
be postponed in 9 of 19 patients whose right ventricular
pressure was a-68% of left ventricular pressure . Thus, there
was a benefit from balloon angioplasty in about 5001o of
patients who otherwise required reoperation ; however, we
do not know how long reoperation can be postponed by
866
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successful balloon angioplasty . The fate of pulmonary artery
stenosis that is successfully dilated by balloon angioplasty
must be determined in future studies .
Indications . We performed balloon angioplasty even in
patients with relatively mild pulmonary stenosis if there was
a pressure gradient >_20 mm Hg . In one patient (Patient 14)
in the present series, left pulmonary branch stenosis was
mild immediately after operation, and no balloon angioplasty
was performed at that time . A catheterization performed 5 .4
years after the operation showed complete obstruction of the
left pulmonary artery and severe stenosis at the right pulmo-
nary artery (Fig . 5) . Balloon angioplasty for the right pulmo-
nary artery stenosis was not effective . Yam uchi et al . (3)
also showed that the pulmonary artery stenosis after the
arterial vitch operation progressed with age . From these
data, in an attempt to prevent progression of the pulmonary
artery stenosis, we performed balloon angioplasty even for a
relatively mild stenos -V- Long-term results of balloon angio-
plasty for pulmonary artery stenosis after the arterial switch
operation are not known, and it remains uncertain whether
balloon angioplasty can indeed prevent the progression of
stenosis . However, because pulmonary artery stenosis can
be relieved if balloon angioplasty is performed early after
operation, and balloon angioplasty becomes ineffective with
age, we think that the procedure is indicated even for
relatively mild stenosis . If pulmonary artery stenosis can be
estimated accurately with noninvasive methods, then the
indication should be determined from the degree of stenosis
and the patient's age or the interval from the operation .
Complications. In the present study, intimal tear was
sometimes visible on cineangiography (Fig. 1). We do not
think that this in itself is a complication because Edwards et
al . (17) showed that successful balloon angioplasty for pul-
monary artery stenosis was associated with intimal and
medial disruption. Aneurysmal dilation of the pulmonary
artery was observed in three patients, Because the natural
history of the dilated segment of the pulmonary artery is
unknown, we think that close observation of then patients is
necessary. There was one rupture of the pulmonary artery
during balloon dilation . The rupture was not associated with
larger balloon size or other technical failures . Because the
site of angioplasty of the pulmonary artery is usually se-
verely adhesive to the surrounding tissue, vessel rupture
may not necessarily result in severe hemorrhage .
Conclusions. Pulmonary stenosis after the arterial switch
operation can be dilated with a success rate of '50% . If
balloon angioplasty is performed early after operation (<3 .5
years), and an appropriate balloon size is used, the success
rate can be higher (-90% 1, . We consider balloon angioplasty
to be a useful procedure in the management of pulmonary
stenosis developed after arterial switch operation. However,
long-term effects are unknown, and follow-up studies must
be performed in the future .
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